Abstract: The aim of this paper is to give a comprehensive description of the risk dependence and interdependence between selected European stock markets and Brexit equity in the period spanning from January, 7, 2000 to February, 3, 2017 We have studied behavior of extreme quantiles using quantile regression approach. This approach is robust because it is based on the use of various measures of central tendency and dispersion statistics for a detailed analysis of the relationship between variables. We have found evidence of significant interdependence /independence between financial markets and Brexit uncertainty. The analysis of upper and lower quantiles allows us to observe that the interdependence is positive asymmetric and higher for bear markets compared to bull or normal market conditions in the period before the Brexit vote. Moreover, we have analyzed the influence of the Brexit vote on selected markets. We have found that one or two or three days after voting the dependence structure was changed mainly in normal market conditions for French and Turkish markets, while Polish and Spanish markets were not significantly influenced.
Introduction
The United Kingdom with its high-performing economy has helped the European Union reach the top in the ranks of the world's most powerful economies. The departure of the UK from the EU can significantly affect the European Community in the future. June 23, 2016 referendum to leave the European Union (EU) known as the vote on Brexit ("British exit") renewed an interest in European integration. Despite the fact that the concerns related to the future of the Common European Union have never completely stopped, Brexit caused an unprecedented challenge and questioned the homogeneity of the European countries on which the success of the monetary union is based. The vote's result shook global markets, causing the British pound to fall to its lowest level against the dollar in 30 years. There is inconsistency of opinion about the influence of this vote on financial markets.
In this paper, we have analyzed the impact of Brexit on selected European markets using economic policy uncertainty index for Europe, the United Kingdom and index called EPUCBREX for Brexit. The daily data have been obtained from data provider Bloomberg L.P. The construction of this index is based on newspaper articles regarding policy uncertainty about economy, uncertainty and information about spending, deficit, regulation, budget, tax, policy, or the Bank of England, or ECB (Baker et al., 2015) . We have taken EPUCBREX index as a risk factor for analyzing six European markets -the DAX -German market, CAC40 -French market, WIG20 -Polish market, ISEQ -Irish stock market, IBEX -Spanish stock market and XU100 -Turkish stock market. We have used linear quantile regression approach to obtain the conditional dependence structure for specific quantiles. Slope β(q) of the quantile regression line estimates the influence of Brexit on the q-th quantiles of the stock market index.
The aim of this paper is to find the linkage between the selected stock markets and the uncertainty caused by Brexit. Is there an asymmetric dependence or a symmetric one? Which market has been influenced the most by Brexit? Which market has remained stable? The paper gives answers to these questions based on an empirical study. The data used in our empirical study are daily data for the period from January, 7, 2000 to February, 3, 2017 ; all data are expressed in EUR. Our findings can give implications to portfolio risk managers, policymakers, international investors in terms of risk management which should vary per change in economy.
The remainder of the paper is organized as follows: Next section briefly reviews the literature, the following section describes the quantile regression methodology and data used. Our empirical analysis with results are then provided. Conclusions and the discussion are presented in the last section.
Literature Review
The opinions about the influence of the vote on financial markets are inconsistent. Some authors (Ringe, 2017) argue that, in reality, the impact of Brexit on financial services will be minuscule, if not irrelevant. Raddant (2016) analyzed response of selected European stock markets to Brexit. He analyzed the correlation of market indices, stock volatility and the special role of stocks from the financial sector. Schiereck et al. (2016) investigated the stock and CDS market reactions on Brexit and compared them with the Lehman Brothers bankruptcy. For EU banks, they found that the short-run drop in stock prices was more pronounced than Lehman's bankruptcy, and they observed a large increase in their CDS spreads. For non-EU banks, they found neither significant stock reactions nor CDS price reactions.
Analysis of investor's reactions to Brexit on the Warsaw Stock Exchange market has been investigated in Jackowicz et al. (2017) . The authors found mostly uniform reactions of the investors using OLS regressions with robust standard errors and industry sector dummies. Sita (2017) investigated sensitivity of the stock volatility to the market and exchange rate volatility one day after the Brexit vote with Ushape pattern result. Plakandaras et al. (2017) argued that depreciation of the FX rate GBP to USD is related to the uncertainty caused by Brexit while uncertainty is quantified according to an index based on news related to economic uncertainty EPU. They used linear, nonlinear and machine learning models to predict the exchange rate and its realized volatility in pre-and post-Brexit period.
Modeling the dependence of financial market developments on current political and economic conditions or on financial crises is an issue often studied in the literature. This relationship can be described mainly by the Pearson correlation coefficient, or by OLS method with the intention to explore average co-movement (Alexander, 2008) . Embrechts et al. (2002) showed that the concept of the linear correlation leads to misinterpretation when conditions of elliptical multivariate distribution are not fulfilled. Bae et al. (2003) showed that correlations give equal weight to small and large returns; therefore, they are not appropriate for an evaluation of the differential impact of large returns. Embrechts et al. (2003) introduced copula framework for modeling the dependence of the financial variables. Hu (2006) proposed using mixed copula for measuring across-market dependence and introduced the term degree and structure of dependence in copula framework. Baur (2013) isolated both components of dependence (degree and structure of dependence) from the quantile regression approach and he showed that financial crises or economic distress cause changes in dependence of the financial markets onto non-linear or asymmetric relation. Quantile regression has been used in many papers concerning the risk and dependence analysis (Alexander, 2008 , Baur, 2013 , Mensi et al. 2014 , Aymen, Mongi, 2016 , etc.
Methodology and Data
Quantile regression was developed by Koenker and Bassett in 1978 (Koenker, Bassett, 1978) as an extension of the traditional least squares estimation of the conditional mean. Quantile regression is a distribution-free technique to estimate the effect of a regressor on the quantiles of the response distribution. Let Y be a linearly dependent variable on variable X. The quantile regression expresses the conditional quantiles of dependent variable Y for given independent variable X, based on an arbitrary joint distribution. It is assumed that the errors of the quantile regression are i.i.d with the specific error distribution function Fε. We take the q-th conditional quantile function 
where
Model Specification
We provide two models to analyse the linkage between Brexit and the selected European markets. In order to investigate the effect of the uncertainty about Brexit we have used the quantile regression model that explains the relationship between the stock market Y (developed or emerging market) and Brexit uncertainty as an independent variable. This dependency can be expressed by equation
In order to analyze the effect of the Brexit vote on June 23, 2016 we include dummy variable Dk-day into model (4). Dk-day is the Brexit vote effect dummy variable that takes the value equal to one in the period starting from k-th day after voting, where k=1,2,3 and zero otherwise. Parameters γ(q) and θ(q) capture the additional marginal effects of the conditional variable in the sub period after Brexit vote for each quantile q in comparison with the effects measured by parameters α(q) and β(q) before the voting subperiod.
Equation (5) enables us to examine the vote effect on the dependence structure and the co-movement between the selected European stock markets and the Brexit vote.
Data
In this paper, we have shown the effect of Brexit uncertainty and Brexit vote on selected developed and emerging European markets. Developed European markets are represented by German DAX index, French CAC40, Irish ISEQ and Spanish IBEX stock market index. Emerging European stock markets are represented by Polish WIG20 and Turkish XU100 stock market indices. The choice of the markets has been based on the fact that Germany is the strongest member of the EU and France is the second strongest pillar of the European Union, where the development during the recent period just before the election was quite uncertain and therefore interesting to analyze. We have chosen Turkey and Poland because these countries are comparable in size to Germany or France, and Ireland and Spain were chosen as the countries that could be in our opinion influenced the most by Brexit.
The daily data were collected from January, 7 2000 to February, 3, 2017. Data provider is Bloomberg L.P. All data are expressed in EUR. The closing prices of analyzed time series are nonstationary, therefore we have used logarithmic returns (log returns are obtained by formula: rt = ln Pt /ln Pt-1, t = 1…, T, where Pt is the closing price at time t excluding account dividends). We have found a significant positive effect of Brexit uncertainty on each stock market. The strongest and symmetric dependence of the DAX log returns on Brexit is in 5% and 95% quantile, then for 25% and 99% quantile the dependence is slightly lower and finally for 50% and 90% quantiles. The lowest significant dependence was for the 1% quantile. The effect of Brexit uncertainty on French market is slightly higher as compared to German market. The effect is positive and significant for all quantiles. We see the strongest and the same effect for 5% and 10% quantile. For other quantiles, the influence of Brexit uncertainty is lower in 25% and 1% quantile. From the median to 90% quantile, the effect is stable. Brexit uncertainty has the lowest impact in 99% quantile.
Results and Discussion
The dependency of the Polish market on Brexit uncertainty is oscillating, positive and significant. We can find a symmetric influence in several quantiles. The highest impact of Brexit uncertainty has appeared in the 5% and 95% quantile, and then in the 90% and 99% quantile. Comparable effect can be observed also in lower and upper quartiles. Then the median follows and the lowest influence is in bear markets in the 1% quantile.
Brexit uncertainty had the strongest influence on the Irish market, mainly in bear markets. The influence has been positive gradually decreasing from 1% to 90% quantile. In bull markets (in 95% and 99%), the influence of Brexit uncertainty has again increased, but it has been lower compared to bear markets.
The Spanish stock market has been relatively affected the most positively by Brexit uncertainty. The dependence has been the highest for the 1% quantile, gradually declining and moderately stabilized over the median.
The Turkish market has been slightly oscillating influenced by Brexit uncertainty, with the highest positive impact for the 5% quantile. Brexit uncertainty had the lowest impact in bull markets (99% quantile) (see Table 1 ). Source: Author's calculations based on data from Bloomberg Quantile regression estimates of the regression parameters are shown in Figure 1 - Figure 3 in accordance with Eq. (4). Note that the dashed line shows the quantile regression estimates of the regression parameters across the quantile ranging from 0.01 to 0.99. Gray band depicts 95% confidence intervals for the quantile regression parameter estimates. Figure 4 compares the impact of Brexit uncertainty on individual markets. We see that in bear markets, Brexit had the greatest impact on the Spanish stock market, followed by the French and German markets, followed by the Turkish, Irish stock market. Brexit had the smallest impact on the Polish stock market. Among the bull markets, Brexit had the greatest influence on German, French, Spanish, Polish, and Irish markets and the lowest on the Turkish stock market. Under standard business conditions expressed by the median, the French, then German, Spanish, Turkish, Polish, and finally Irish stock markets were the most affected. Table 2 shows the effect of Brexit vote one day after voting. All results are discussed at 5% confidence level. We have estimated the quantile regression coefficients of the equation (5). The effect of the Brexit uncertainty is similar to the one described in Table 1 . Now we describe the effect of Brexit vote one day after voting. Brexit vote had a slightly negative significant impact on German market, from the lower quartile to upper quartile, it means the result of the voting significantly affected normal market conditions mainly. For France, Brexit voting caused decrease in the CAC40 returns, too. This dependence structure is significant negative from median values to 90% quantile. The Polish and Spanish markets were not influenced by the Brexit vote. The dependence structure between Irish market and post vote period was significant positive only for lower quartile and median. Brexit vote had a negative significant impact on the Turkish market from 10% quantile to 75% quantile.
Comparing the period before the Brexit vote and one day after the vote, in the case of the German, French and Turkish markets among normal markets, their dependence changed to negative dependence. These dependences remain significant on the second and third day after the vote. Irish market remains independent of the Brexit vote after the second day. Similarly, our analysis shows that Polish and Spanish markets are independent of the Brexit vote. Figure 5 shows an estimate of the quantitative regression coefficients β(q) and γ(q) one, two and three days after the vote. While the estimated coefficients β(q) for individual markets before voting are more or less comparable, after the vote, the markets responded more strongly on the second and the third days, respectively. The Brexit vote significantly negatively hit the French market from 10% to 90% percentile on the second and the third day after the vote. The Polish market was also negatively affected by the vote, but this influence was not statistically significant. The impact of the vote on the Irish and Spanish markets was not statistically significant. The Brexit vote has had the most striking negative influence on the Turkish market during the first three days from 10% to 90% quantiles. 
Conclusions
Our paper contributes to the existing literature by assessing the impact of the Brexit uncertainty and Brexit vote on selected developed and emerging European stock markets across different quantiles of the return distributions. Our empirical evidence for the daily data from January, 7, 2000 to February, 3, 2017 indicates positive significant dependence between the selected EU stock markets and Brexit uncertainty. The positive influence of the Brexit on stock market means that comovement between selected country stock market indices and uncertainty caused by Brexit has increased. However, the contagion effect, i.e. an increased comovement from lower quantiles to the upper quantiles, has not been confirmed. We have found that Brexit uncertainty has had an asymmetric influence on individual stock markets. It influenced bear markets (when stock market prices fall) more than bull markets (when stock market prices grow). This result indicates that investors behave differently in extreme conditions. Our findings are similar to Raddant (2016) findings, who observed similar effects of the Brexit vote in Germany, France, Spain and Italy, but our results have provided closer look on this dependence structure.
Quantile regression results presented in this paper exhibit a detailed insight into the dependence structure to better understand financial market behavior and the linkage to Brexit. We have found that one, two or three days after the vote the dependence structure changed significantly mainly in normal market conditions for French, Turkish and German markets, while Polish and Spanish markets were not significantly influenced. The Irish market was significantly affected only the first day after the Brexit vote.
Analysing the Brexit strives to be helpful for international investors, portfolio risk managers, traders, as well as policymakers in order to avoid the downside risk in their investments. Uncertainty about future agreements between the UK and the EU and changes in the future EU financial infrastructure still remains, and the two-year period when the process of leaving the EU is finalized can therefore bring some interesting developments.
